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Summary. The nucleus is known to be a site for an 
active lipid metabolism. Although phospholipids are 
present in the nuclear envelope, evidence suggests that 
they are also located further inside the nucleus. The 
function of these intranuclear lipids has escaped 
clarification for many years. Early experiments showed 
that they can interact with DNA double helix affecting 
its thermal stability and can influence RNA synthesis in 
isolated nuclei. However, in the last 10 years several 
investigations have suggested that they may be involved 
in signal transduction pathways at the nuclear level and a 
growing body of evidence supports this hypothesis. 
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Abbreviations: DAG, diacylglycerol; DMSO, dimethyl 
sulfoxide; EPO, erythropoietin; HMBA, hexamethylene- 
bis-acetamide; IGF-I, insulin-like growth factor-I; IP3, 
inositol 1,4,5-trisphosphate; IP4, inositol 1,3,4,5- 
tetrakisphosphate; MAP kinase, mitogen-activated 
protein kinase; MEL, murine erythroleukemia; NGF, 
nerve growth factor; PA, phosphatidic acid; PC, 
phosphatidylcholine; PDGF, platelet-derived growth 
factor; PE, phosphatidylethanolamine; PKA, protein 
kinase A; PKB, protein kinase B; PKC, protein kinase C; 
PI, phosphatidylinositol; PIP, phosphatidylinositol 4- 
phosphate; PIP?, phosphatidylinositol 4,5-bisphosphate; 
PIP3, phosphatidylinositol 3,4,5-trisphosphate; PLA2, 
phospholipase A2; PLC, phospholipase C; PLD, 
phospholipase D; PS, phosphatidylserine; PI-TP, 
phosphatidylinositol transfer protein 
Introduction 
For a long time lipids have only been seen as 
structural blocks of cell membranes. However, it is now 
clear that they can be considered precursors of bioactive 
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molecules that are generated in cells following 
stimulation of cell-surface receptors and function as 
second messengers. Therefore, lipids play a very 
important role in signal transduction events, i.e. in the 
communication of a signal initiated by an extracellular 
agonist to the cell interior (Divecha and Irvine, 1995a). 
Signal transduction pathways must, therefore, include 
mechanisms for the initiation of signals at the plasma 
membrane, a mechanism by which these signals traverse 
the cytoplasm and induce, finally, a nuclear response 
(Liscovitch and Cantley, 1994). 
It is becoming evident that not only phospho- 
inositide hydrolysis is an important cellular response to 
agonists but also other lipids such as PC and sphingo- 
myelin have been shown to generate intracellular 
messengers (Exton, 1994). 
As far as phosphoinositides are concerned, many 
surface receptors activate PI-PLC isozymes to hydrolyze 
a minor membrane phospholipid, PIP2, to give both 
DAG and IP3, which act as intracellular messengers, 
mediating the activation of PKC and intracellular Ca++ 
release, respectively (Rhee and Bae, 1997). Although the 
known functions of PIP2 occur at the plasma membrane, 
there have been several indications that these lipids may 
also exist at other cellular sites and therefore have 
previously unrecognized functions. Following up an 
early report by Smith and Wells (1983), which described 
the ability of nuclear envelopes to synthesize PIP and 
PIP2, it was demonstrated that demembranated nuclei of 
MEL cells synthesize PIP and PIP2 in vitro and this 
nuclear polyphosphoinositide synthesis becomes more 
pronounced if the cells are differentiated erythrocytes 
(Cocco et al., 1987a) by DMSO (Friedman and 
Schildkraut, 1977). Subsequently, several authors have 
confirmed and extended this observation. Furthermore, it 
has been shown that other nuclear phospholipid species 
are likely to be involved in signal transduction pathways. 
Prior to this finding, nuclear phospholipids have 
generally been regarded as minor chromatin components 
capable of regulating DNA stability, RNA synthesis, and 
gene expression (e.g. Manzoli et al., 1974; Capitani et 
al., 1986; Maraldi et al., 1992a). 
In this article, we shall attempt to review the 














